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Abstract. We present Ha observations of the isolated interacting galaxy pair NGC 5426/27 using the scanning 
Fabry-Perot interferometer PUMA. The velocity field, various kinematical parameters and rotation curve for each 
galaxy were derived. The FWHM map and the residual velocities map were also computed to study the role of 
non-circular motions of the gas. Most of these motions can be associated with the presence of spiral arms and 
structure such as central bars. We found a small bar-like structure in NGC 5426, a distorted velocity field for 
' NGC 5427 and a bridge-like feature between both galaxies which seems to be associated with NGC 5426. Using 

the observed rotation curves, a range of possible masses was computed for each galaxy. These were compared 
with the orbital mass of the pair derived from the relative motion of the participants. The rotation curve of each 
galaxy was also used to fit different mass distribution models considering the most common theoretical dark halo 
models. An analysis of the interaction process is presented and a possible 3D scenario for this encounter is also 
Q ' suggested. 
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^ . 1. Introduction nume rical simulations llToornre fc Toomrd Il972l iBarnes I 

arnes fc HernauistTll99^) . kinematical informa- 

Galaxies suffer modifications from close companions from tjon imposes importa nt res trictions on the models applied 

the early stages of their lives. Encounters between galax- foalo fc Faurikainenllufflal l2000albh . In these works, N- 

ies are common and important phenomena in the evo- body siimuat i ons have been compared with observations, 

lution and transformation of these systems. The way The pred i cte d shape of the rotation curve, deviations of 

the interacting process between two galaxies triggers, the gaseous spiral arms from the plane of the galactic disk, 

sustains or inhibits the formation of structure in spi- peculiar high velocities in certain directions of the galaxies 

ral galaxies has been studied from different points of and non _ circmar mo tions are constrained by 2D velocity 

view, from broad statistical studies to more detailed mor- ft e fo s produced by Fabry-Perot observations 
phological, photometric and kinematical analysis. Several 

attempts have been made to kinematically constraint From the observational point of view, most of the work 

the evolutionary scenario of interactions and the forma- on the kinematics and dynamics of interacting galaxy pairs 

tion of structure such as bars tidal arms, amongst oth- has been done using long-slit spectroscopy along certain 

ers (ISalo fc Laurikainenlll993l l2000alfl I Miwa fc Noguchl predetermined positions thus restraining the kinematical 



Il998t iKaufman et al.lll999(l . It has been found that al- information to a few points on the galaxy. Nevertheless, 
though morphology is relatively easy to reproduce with for a perturbed system, it is important to have kinemati- 
cal information of larger portions of the disk using obser- 
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mation can help determine the effect the interacting pro- 
cess has had on each of the members of the interacting 
system and because axial symmetry is probably lost dur- 
ing the int eraction l|Marcelin et al. I Il987t lAmram et alJ 
11994 120021) . 

The study of the dynamics of binary systems also al- 
lows one to estimate the total mass of a galaxy as well as 
its mass-to-luminosity ratio (M/L). Through this method, 
the integrated mass of a component can be measured out 
to 10 times the luminous radius of an isolated galaxy. In an 
elaborate statistical stud y to determine (M /L) in the V 
band for binary galaxies. ISchweizerl ljl987b|) found that in 
general the values for Sc galaxies in interacting pairs range 
from 12 to 32, with a most likely value of 21 ± 5 in solar 
units. Other works suggest that for this type of galaxy, 
the value of (M/L) in the B band lies between 10 and 
16 JChengalur. Salpeter fc Terzianlll995t iNordgren et al.1 
ll998HHonmalll999|) . Most of the determinations of M/L 
for binary galaxies are based on statistical studies of very 
large samples; they thus depend on the selection criteria 
of the latter as well as on the statistical method chosen 
to probe the M/L of modeled pairs versus observed pairs. 
It is then of special interest to focus on individual pairs 
and attempt to determine their M/L ratio through de- 
tailed observations and analysis of their kinematics and 
dynamics. These observations should be complemented by 
numerical simulations of the encounters varying such pa- 
rameters as M/L and the structure of the dark matter halo 
while imposing kinematical restrictions obtained from in- 
terferometric 3D observations. 

In this work, we present scanning Fabry-Perot ob- 
servations and the kinematical analysis of the interact- 
ing galaxy pair NGC 5426/27 (Arp 271). Section 2 is an 
overview of the observational parameters and the reduc- 
tion process. In section 3, a brief bibliographical review 
of recent works and results on this interacting galaxy pair 
is presented. In section 4, we present the derived velocity 
field and the associated rotation curve of each galaxy. The 
kinematics inferred from the velocity fields and rotation 
curves are discussed in section 5, giving special attention 
to the role of non-circular motions. In section 6 the mass 
of each galaxy is estimated through different methods as 
well as its mass-to-light ratio. Some suggestions on the 
structure of the dark matter halo are also presented. In 
section 7, a possible 3D configuration for the encounter is 
presented, several features which seem to have been trig- 
gered or enhanced by the interaction process are also dis- 
cussed. Our conclusions are presented in section 8. 

2. Observations 

2.1. Observations and Data Reductions 

Observations of NGC 5426/27 (Arp 271) were done on 
May 1997 at the f/7.5 Cassegrain focus of the 2.1 m tele- 
scope at the Observatorio Astronomico Nacional in San 
Pedro Martir (Mexico) , using the scannin g Fabry-Perot 
interferometer PUMA l|Rosado et al.lll995[) . 



Table 1. Instrumental and Observational Parameters 



Parameter 


Value 


Telescope 


2.1 m (OAN, SPM) 


Instrument 


PUMA 


Detector 


Tektronic CCD 


Detector size 


(1024 x 1024) px 


Image scale (after 2x2 binning) 


1.18 " per px 


ocdiiniiig r -l iiiLei leiunicLei 


Hi i ou I ^ ueens yate i 


F-P interference order at Ha 


330 


Free spectral range at Ha 


19.95 A (912 km/s) 


Spectral sampling at Ha 


0.41 A (19.0 km/s) 


Interference filter 


6650 A (FWHM = 47 A) 


Total exposure time 


96 min 


Exposure time (direct image) 


120 s 


Calibration line 


6678. 15 A (He lamp) 



We used a 1024 x 1024 Tektronix CCD detector. In 
order to enhance the signal, we applied a 2 x 2 bin- 
ning in both spatial dimensions so that the resulting im- 
age format was of 512 x 512 pixels with a spatial sam- 
pling of 1.18 "/pixel. In order to isolate the redshifted 
Ha (X a t rest = 6562.73 A) emission, we used an interfer- 
ence filter centered at 6650 A with a FWHM of 47A. 

PUMA is a focal reducer built at the Instituto de 
Astronorma-UNAM used to make direct imagery and 
Fabry-Perot (FP) spectroscopy of extended emission 
sources (field of view 10'). The FP used is an ET-50 
(Queensgate Instruments) with a servostabilization sys- 
tem having a free spectral range of 19.95 A (912 km s^ 1 ) 
at Ha. Its finesse (~ 24) leads to a sampling spectral 
resolution of 0.41 A (19.0 km s _1 ) which is achieved by 
scanning the interferometer free spectral range through 48 
different channels. 

To average the sky variations during the exposure, we 
got two data cubes with an exposure time of 48 minutes 
each (60 s per channel). These data cubes were co-added 
leading to a total exposure time of 96 minutes. For the 
calibration we used a He lamp whose 6678.15 A line was 
close to the redshifted nebular wavelength. Two calibra- 
tion cubes were obtained at the beginning and at the end 
to check the metrology. 

The instrumental and observational parameters are 
shown in Table 1. 

2.2. Data Analysis 

The data reduction and analysis were done using mainly 
the ADHOCw 1 softw are and the CIGALE software 
l|LeCoarer et al 1 ll993h . Standard corrections were done 
on each of the cubes: removal of cosmic rays, bias and 
dark subtraction, and flat-fielding. Once the object cubes 

1 http://www.oarnp.fr/adhoc/adhocw.htrn developed by J. 
Boulesteix 
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Fig. 1. a) Direct B ima ge of NGC 5426/27 (Arp 271) taken from "The Carnegie Atlas of Galaxies. Volume II" 
( Sandage & Bcdkc 1994). b) Monochromatic Ha (continuum substracted) image of the pair obtained with the scanning 
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were co-added, the night sky continuum and OH sky lines 
(6627.2 A and 6634.2 A) were subtracted. A spectral 
Gaussian smoothing (er = 57 km s _1 ) was also performed. 
Once the spectral smoothing was done, the calibration in 
wavelength was fixed for each profile at each pixel using 
the calibration cube. 

Through the scanning process, we obtained for each 
pixel a flux value at each of the 48 scanning steps. The in- 
tensity profile found along the scanning process contains 
information about the monochromatic emission (Ha) and 
the continuum emission of the object. The continuum 
image computation was done considering the mean of 
the 3 lowest intensities of the 48 channels cube. For the 
monochromatic image, the Ha line intensity was obtained 
by integrating the monochromatic profile in each pixel. 
The velocity maps were computed using the barycen- 
ter of the Ha profile peaks at each pixel. To get a suf- 
ficient signal-to-noise ratio on the outer parts of each 
galaxy, we performed three spatial Gaussian smoothings 
(a = 2.36, 3.54, 4.72 ") on the resulting calibrated cube. 
A variable-resolution radial velocity map was built us- 
ing high spatial resolution (less spatially-smoothed pixels) 
for regions with originally higher signal-to-noise ratio. No 
double peaks appeared in the velocity profiles. 

The profiles were deconvolved by the instrumental 
profile. The FWHM for each pixel was computed from 
the deconvolved profile at each pixel. For each pixel, the 
threshold of the profile was defined by the value of the 
channel for which 60% of the channels had a larger inten- 
sity value. 

3. NGC 5426 and NGC 5427 

Arp 271 is an interacting pair consisting of two spiral 

galaxies, NGC 5426 and NGC 5427, of approximately the 

same angular size (2.3') (Figure 1). This pair was first 

I i j i 

catalogued bv IVorontsov-Velvaminovl l|1959fl . I t was later 

included in Arp's Atlas of Peculiar Galaxies l|Ardll96^1 
grouped with other objects he classified as double galaxies 
with connecting arms. This connection is clearly visible in 
th e ultra-high contr ast J-band image of the pair presented 
bv lBlackmanl l|l982|) . 

Several works have been done on this pair of galax- 
ies, mostly as part of vast surveys of interacting galax- 
ies. In an extensive analysis of morphological correla- 
tion for over 16,000 near e st nei ghbor pairs of galaxies, 
lYamagata. Noguchi & Ivc (1989) found that NGC 5426 
and NGC 5427 not only have the same morphological type 
but also very similar internal structure as well as compa- 
rable sizes. These characteristics make Arp 271 fall into 
the category of twin galaxies proposed by these authors. 
According to them, this type of paired galax ies suggest 
the possibility of fission processes (jPagelll 975h at the ori- 
gin of the present morphological type of galaxies since it is 
easy to understand this morphological resemblance if the 
galaxies considered formed under the same initial condi- 
tions given by t he proximity of their "places of birth". 
iBlackmanl l)l982l) found an asymmetric distribution of the 



light of both galaxies: 38 % of the total flux comes from 
the two adjacent halves of the galaxies. According to him, 
this dimming of coincidental sides of binary galaxies is 
observed in other interacting pairs (|Arijll96nh and can be 
due to the time scale of the interaction (not large enough 
to average the density of perturbed material and subse- 
quent star formation) and/or to obscuration of one side of 

one of the galaxies by the other gal axy. 

NGC 5426 is a type SA(s)c nee Jde Vaucouleurs et alJ 
Il99ll) and luminosity class II l|Blackmanl Il982l) . A h~ 
liocentric systemic velocity of 2584 km s~ 1 was found 
throug h long-slit spectroscopical observations l|Schweizerl 
Il987aj) . From photometric observations, long -slit spec- 
trosco p y and using the m ethod established bv iNordsieckl 
ljl973h . lBlackmarjri)l982h found a mass-to-light ratio of 



{M/L) v = 4.1 ± 0.6 and (M/L) B = 3.9 ± 0.7 within 
a radius of 22.5 kpc. These values include corrections for 
internal absorption. NGC 5427 is a SB(s)c pec, Seyfert 
2 ga laxy with luminosity class I l)de Vaucouleurs et alJ 
Il99ll) . Th rough tertiary indica tors, it is located at 
26.7 Mpc I de Vaucouleurs lll979h with a systemic h elio- 
centric velocity of 2730 km s _1 l|Schweizerl Il987ah . Up 
to a radius of 14.5 kpc, this galaxy has (M/L)y = 
2.2 ± 0.3 and (M/L) R = 1.7 ± 0.2 l)Blackmanlll982]) . 
lOonzalez-Delgado fc Pere3 l|l992i) find a high rate of star 
formation in the galaxy disk, as well as a higher number 
of HII regions (both giant a nd supergian t ) than expected 
for its morphological type. lAlfaro et alJ (|200lt) obtained 
the rotation curve of this galaxy through long-slit spec- 
troscopy along its major axis. They identified several os- 
cillations along this curve that seem to be correlated to 
the presence of spiral arms and suggest taht this behavior 
is similar to the one expected in a galactic "bore" (or hole) 
generated by the interaction of a spiral density wave with 
a thick gaseous disk. Table 2 lists the main parameters of 
each galaxy. 



4. Velocity Fields and Rotation Curves 

4.1. Monochromatic Image 

Figure lb displays the monochromatic Ha image of the 
pair. The HII regions of NGC 5426 are rather knotty and 
they are mainly found in the western half of the galaxy. 
The eastern and southeastern parts of the galaxy are prac- 
tically devoid of any important HII regions. For NGC 5427 
most of the HH-regions are located to the north-eastern 
side of the galaxy along the western arm forming a rather 
patchy structure. Many strong HH-regions appear also at 
the beginning of the eastern arm, but become less intense 
at the point where a straight arm segment begins. At the 
end of the straight arm there is a very bright HH-region, 
not following the logarithmic spiral arm. The intensity of 
the emission decreases once the logarithmical pattern is 
continued. We detect most of the HII regions detected by 
iGonzalez-Dekado fc Pere3 l|l992|) . A central bar of about 
32" in total length is also detected on the monochromatic 
image of this galaxy. 
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2350 radial velocities in km/s 2940 



Fig. 2. Velocity fields of NGC 5426 and NGC 5427. Solid lines indicate each galaxy's position angle (P. A), slash-dotted 
lines indicate the angular sectors from both sides of the maior a,xis considered for the commitation of each ffala.xv's 
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Fig. 3. Isovelocities of NGC 5426 and NGC 5427. The circled region shows central bar in NGC 5427. Velocities 
displayed are in km s _1 . Dotted lines are eye-estimated interpolation of the data. Systemic velocities are 2575±3 km s~ x 
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NGC 5426 


NGC 5427 


Coordinates (J2000) a 


a = 14ft 03m 24.8s 


a = 14ft 03m 26.0s 




5 = -06° 04' 09" 


5 = -06° 01' 51" 


Morphological type b 

t o ,. 1 


SA(s)c pec 


SA(s)c pec Sey 2 


Luminosity class c 


II 


I 


niB d (mag) 


12.86 


12.06 


D2 5 /2 d (') 


1.475 


1.435 


Distance (Mpc) 




26.7 


MB d (mag) 


-20.567 


-21.167 


Average surface brightness within Z)2s/2^ (in mag Z"^) 


23.50 


22.86 


Qvcitpmir vplnpitv (km / s I 


2516 ± 5 C 


2703 ± 20 c 




2584 + Q f 


2730 + 9 f 




2575 + 3 g 


2722 5 + 1 s 


V + (km In) 

V rot max ynHh/oj 


209 h 


172 h 




200' 




P.A. (°) 


180 c 


68 c 




177.5 ±l g 


53.2 ±3 g 


Inclination (°) 


59±2 C 


32±2 C 






24.49 j 




59±3 S 


34±2.5 g 


Mass (in 10 10 M ) 


3.39±0.13 c ' k 


3.1 ±0.4 cJ 




11.2 g ' m 


7.5 g ' m 



a NED database 

b de Vaucouleurs et al 1991 

c Blackman 1982 

d LEDA database 

e Through tertiary indicators (de Vaucouleurs 1979) 
f Schweizer 1987a 
g This work 

From Ha rotation curve -this work 
1 From 21 cm observations (Bottinelli et al 1948) 
j Keel 1996 

k Inside 7.8 kpc = 0.84 D 25 /2 using method of Nordsieck (1973) 
1 Inside 9.4 kpc = 0.68 D 25 /2 using method of Nordsieck (1973) 
m Inside -D25/2 considering a spheroidal distribution 



Patches of faint monochromatic emission can be traced 
between both galaxies outlining a bridge of ionized gas 
between both members of the pair. This bridge follows 
approximately the same orientation as the bridge of stars 
(continuum) that can be seen in both the direct image of 
the p air (Figure la) a nd the ultracontrast J-band image 
from iBlackmanl l|l982(h It seems to be divided into two 
narrow monochromatic filaments: I and II (Figure lb). 
Filament I could be interpreted as an extension of the 
western arm of NGC 5426, while the location of filament 
II makes it harder to associate this feature with any of the 
galaxies' arms. 

4.2. Velocity Fields 

Figure 2 shows the velocity fields of NGC 5426/27. Figure 
3 shows the associated isovelocities. 

For the main body of the galaxy, the velocity field of 
NGC 5426 shows little distortion if compared to the veloc- 
ity field of an isolated disk galaxy, though the zero- velocity 
line of the galaxy shows large wiggles. The northern and 



southern parts (approaching and receding sides, respec- 
tively) are rather symmetric. In the outer eastern parts, 
the isovelocities no longer follow the classical "V-pattern" 
of the central parts but instead become almost horizontal. 
This part of the velocity field corresponds to one of the 
galaxy's spiral arms. In the central parts of the field (inner 
6"), we notice a small shift with respect to the kinemat- 
ical center between the isovelocities of the receding and 
approaching sides (marked with an arrow in region IV, 
Figure 2). In this region, the isovelocities are almost par- 
allel to each other following a southwestern-northeastern 
direction along a distance of about 6" (Figure 3). This be- 
haviour which can be related to a rigid-body-like rotation, 
could be associated to the presence of an incipient small 
bar-like feature perpendicular to these isovelocities and of 
a length of about 6". 

For NGC 5427, the isovelocities on the approaching 
(SW) and receding (NE) sides are more opened and patchy 
than the ones for NGC 5426. The zero- velocity line of this 
galaxy also shows large wiggles mostly in the outer parts 
of the galaxy. The isovelocities on the western side (clos- 
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Fig. 4. Velocity field of the bridge- like H a feature between NGC 5426 and NGC 5427. Letters are related to particular 
kinematica.l features in NOC 542fi's rotation curve shown in Figure 5. 
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est to NGC 5426) show no clear orientation. More than 
one third of the straight arm has a mean radial velocity of 
(2652 ± 7) km s _1 while other third has a different mean 
value of (2682 ± 7) km s _1 (Region V in Figure 2). This 
velocity distribution differs considerably from the isove- 
locities observed on the other arm of NGC 5427 (western 
arm and its bifurcation) where the range of observed ra- 
dial velocities is much broader. In the central parts rather 
parallel isovelocities are found within the inner 30 ± 2" 
(circled region in Figure 3). These isovelocities outline the 
central bar visible in the monochromatic image. 

The radial velocities associated to the HII regions out- 
lining the bridge between both galaxies (regions I and II 
in Figure lb) are enlarged in Figure 4. Most of these re- 
gions have radial velocities closer to those of NGC 5426 
(regions A to L) and are furthermore suspected to belong 
to this galaxy. Only regions on the northeastern part of 
the bridge have radial velocities closer to those of NGC 
5427 (regions M and N) and probably belong to the spiral 
arm of NGC 5427. 



4.3. Rotation Curves 

The interacting process perturbs each of the galaxies in- 
volved in the encounter and introduces an important 
contribution of non-circular movements in the velocity 
fields. Nevertheless, in the case of early-stage interactions, 
one can assume that the inner parts of galaxies are not 
strongly perturbed, so that the velocity fields are still 
smooth and symmetrical resulting in symmetric and low- 
scattered rotation curves up to a certain radius. 

With this assumption in mind, the rotation curve of 
each galaxy was computed considering different values 
for the kinematical parameters involved (heliocentric sys- 
temic velocity V sys t, kinematical center, inclination i and 
position angle P. A.). The values were chosen such to ob- 
tain a symmetric curve in the inner parts of the galaxy 
and to minimize scatter on each side of the curve -for fur- 
ther detail on the co mputation of the rotation curve see 
lAmram et all l)l996h . The first step to reduce this scat- 
ter was to consider points on the velocity field within a 
certain angular sector on each side of the galaxy's major 
axis. The value of i was then computed from the ratio be- 
tween the major and minor axis and the P. A. from the 
orientation of the latter. If a single ellipse was difficult to 
adjust to the continuum image, we considered an ellipse 
whose semi-minor axis corresponded to the kinematical 
semi-minor axis on the velocity field of the galaxy and 
whose semi-major axis was given by the furthest emission 
point on the continuum image along a line perpendicular 
to the semi-minor kinematical axis. 



4.3.1. NGC 5426 

The rotation curve of NGC 5426 was computed consider- 
ing points on the velocity field within an angular sector 
of 30° on each side of the galaxy's P. A. For this galaxy, 



the kinematical center used to compute the rotation curve 
matches the photometric center within 1". Within 60", 
the set of values that resulted in the most symmetrical, 
smooth and less-scattered curve was P. A. — (177.5 ± 1)°, 
i = (59±3)° and V sys = (2575±3) km s _1 . These are pre- 
sented in Table 2. Figure 5b shows that the rotation curve 
is rather symmetrical in its inner 60" . After the steep 
solid-body rotation curve at R < 3.5", it rises slowly from 
130 km s _1 to 200 km s" 1 at R — 65". The rotation curve 
shows slight oscillations in phase on both sides. For the re- 
ceding side (southern side, opposite from the companion), 
the rotation curve keeps rising with smooth oscillations 
up to the last detected emission point at R = 80". At 
this radius, the rotational velocity reaches its maximum 
value V max — 209 k m s" 1 close to 200 k m s^ 1 found 
with HI observations l|Bottinelli et alJ lT984'l. For the ap- 
proaching side (north side, towards the companion), at 
R = 65" the rotational velocity abruptly falls to a value 
of (128 ± 12) km s _1 . Between 62" and 80", the rota- 
tional velocity drops to ~ 100 km s _1 . From R — 82", 
an average value of 150 km s _1 is kept up to R = 110". 
Comparing with previous values, our value fo r V sys t is sim- 
ilar to the one found bv ISchweizerl l)l987a|) . nevertheless 
there is an im portant difference with the value of the V sys t 
determined bv lBlackmanl 1 19821 ) . To compare our rotation 
curve with the one obtained bv lBlackmanl 1^982), a long- 
slit was simulated by considering radial velocities on the 
velocity field within a sector of 1° on each side of P. A.. We 
then had to correct Blackman's curve by the inclination 
of the disk in order to superpose both curves. The shape 
and amplitude of both rotation curves are very similar up 
to 50" (Figure 6). 



4.3.2. NGC 5427 

An angular sector of 32° on each side of the galaxy's P. A. 
was considered for the computation of the rotation curve 
of NGC 5427 in order to reduce asymmetry and scatter up 
to a radius of 47". Since more than a single ellipse could 
be adjusted to the irregular outermost isophote of the con- 
tinuum image, we considered an ellipse whose semi-minor 
axis corresponded to the kinematical semi-minor axis on 
the velocity field of the galaxy (radial velocities corre- 
sponding to ~ 2740 km s" 1 in Figure 3) to compute the 
inclination i and the P. A. of this galaxy. The semi-major 
axis of the resulting ellipse was then given by the fur- 
thest emission point on the continuum image along a line 
perpendicular to the semi- minor kinematical axis. This 
perpendicular line was taken as the direction of the P. A. 
The set of values that resulted in the most symmetrical, 
smooth and less-scattered curve was P. A. = (53.2 ± 3)°, 
i = (34 ± 2.5)° and V sys = (2722.50 ± 1) km s" 1 (Table 
2). The kinematical center used to compute the rotation 
curve of NGC 5427 matches the photometric one within 
1". Globally the rotation curve displays an ascending be- 
havior reaching V ro t = 154 km s" 1 at R — 46.5" (Figure 
7). There is however a trough on both sides of the curve 





30 « m m im 

R (arcasc) 

Fig. 5. Rotation curve of NGC 5426. Upper panel shows the V(R) vs. R for both sides of the galaxy -approaching 
and receding side. Letters are associated to the regions shown in Figure 4. Lower panel shows the superposition of 
hoth sides. VL,„~ indicates the rotation velocitv value chosen to comnute the mass of this ffalaxv within Doc/2 also 



Fuentes-Carrrera et al: Interacting galaxy pair Arp 271 



11 



T 



to 

djo 



t=! (D 



CD 



CD 



CD 

1QJCI 

C 



:— 



o * 

CD <N 

" do. 

£= (— CD 

■ ^ CD M 

g E 2 

£ o o 

X m & 



«3 cd 

O 
ell 



13 

CJ 



cn 
c 
o 
o 

CD 



CJ 
O 



<t>g 



< 
Cl 

cD :!=! 
^ 17) 

m do 

|| 

CD 

CD CD 
CD ■*-> 

CD =5 

■o E 

Crl 



5*1 



3? 



■J- 




- i I " 



■ ■■ 3 ■ i ■ ] ■ ■ 



if 



CO 
CM 

LO 
CJ 



o 



u 
a 



o 



"."i"."."."."." ■.■.■.■.■.■I"." "J.".-."."."." "."."J""."."." ■.■ 



DOS' 



■ i i 

Gere oai o :ckr- 

Fig. 6. Comparison between the rotation curve obtained bv lBlackmar] (jl982h with a long-slit spectrograph (crosses) 
and our rotation curve obtained by simulating a long-slit spectrograph rotation curve (diamonds) considering the same 
parameters as that author (P. A, i, center, angular sector) 



12 



Fuentes-Carrrera et al: Interacting galaxy pair Arp 271 




4$ 40 -20 £0 40 



R (arc GGC ) 




Fig. 7. Rotation curve of NGC 5427. Upper panel shows the V(R) vs. R for both sides of the galaxy -approaching 
and receding side. Letters are associated to the regions shown in Figure 12. Lower panel shows the superposition of 
hoth sides. indicates the rotation velocitv value chosen to comnute the mass of this ffa.la.xv within Doc/2 also 
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between 18" and 29" . Up to R = 46.5", the curve is 
rather symmetric. After this point, the radial velocities 
on the approaching side (south to the companion) de- 
crease by an abrupt shift of 50 km s _1 with respect to the 
receding side. On the receding side, the curve increases 
up to V rot — 172 km s — 1 . From R — 51" onwards the 
curve flattens around a value of ~ 172 km s _1 up to 
the last emission point on this side of the galaxy at 62". 
Our result i ng rot ation curve resembles the one found by 
iBlackmanl (^982), both in its general form as well as in 
the maximum rotational velocity ~ 175 km s _1 . In order 
to compar e our rotation curv e to the rotation curve ob- 
tained bv lAlfaro et alJ l|200l|) . a long-slit was simulated 
on our observed velocity field along the same position 
as these authors and corrected with their inclination and 
P. A. (30° and 70°, respectively) finding the same oscillat- 
in g behavior on both sides of th e galaxy (Fig ure 8 ) . V s „ K t 
bv IBlackmanl Jl982l) . ISchweizerl Jl987ah and lKeell Jl996) 
are in good agreement with ours. For the inclination i and 
the P. A., important differences are found between the val- 
ues determined in dif ferent works . Our values are larger 
than those found by iKeell l)l996|) and IBlackmanl l)l982|) 
who also used kinematical considerations -see Table 2. For 
NGC 5427, the inclination determination in our case is 
partly based on isophotal shape which makes it rather un- 
certain since for inclinations of ~ 30°, the deviations from 
circular shape are small (cos 34° = 0.83, cos 24° = 0.91) 
which are hard to distinguish. Plus the orientation effect 
on isophotal shape might easily be over-shadowed by the 
effects of spiral arms or mild deformations due to the in- 
teraction (any such effect is likely to increase the deduced 
inclination) . 



5. Non-circular motions 

Two dimensional kinematical fields of disk galaxies allow 
us to study the motion of the gas all over the galaxy and 
to match it with structures found through photometric 
methods in order to determine to which extent the gas is 
following pure circular motion around the center of the 
galaxy and to which extent there are important contribu- 
tions from non-circular velocities (radial and azimuthal). 



5.1.1. NGC 5426 

The central HII regions of this galaxy display important 
values of FWHM (> 140 km s^ 1 ). However the amplitude 
of FWHM is not simply correlated to the flux of these HII 
regions. Large FWHM amplitudes (~ 170 km s~ 1 ) are 
slightly shifted to less intense HII regions. They match the 
extremities of the small bar-like feature outlined in the ve- 
locity field and thus could be associated with the motion 
of gas due to the presence of this incipient bar. A peculiar 
- 35" cross-like pattern (NE-SW and SE-NW) of large 
FWHM appears in the main body of the galaxy (region A 
in Figure 9a) . It is not associated with any particular mor- 
phological feature in the monochromatic image but it does 
coincide with the orientation of the radial isovelocities in 
this part of the galaxy. Large FWHM (> 140 km s _1 ) are 
also found along the spiral arm of the galaxy (regions B, 
C and D in Figure 9a). 

5.1.2. NGC 5427 

Large FWHM values are found in the central regions of 
NGC 5427 matching the maximum of the monochromatic 
image and could be associated to the star-forming pro- 
cesses in these regions. Nevertheless they do not follow 
the orientation of the central bar. In general there seems 
to be a trend in NGC 5427 showing that the FWHM in- 
creases toward the faint edges of the spiral arms, both in 
the eastern and in the western arms, at least in those parts 
of the spiral arms where the arms are strong. The north- 
eastern and eastern parts of the galaxy show regions with 
larger FWHM are seen (regions E and F in Figure 9b). 
These regions do not coincide with any HII region, on the 
contrary, they lie on each side of this galaxy's western spi- 
ral arm where emission decreases considerab ly. In partic- 
ular region E falls on the region observed by Alfaro et al. 
(2001) with a long-slit spectrograph and where oscillations 
on their rotation curve are interpreted as gas being decel- 
erated as it enters the spiral arm and jumping above the 
arm to land on a region on the other side of the arm. 
Since NGC 5427 has a low inclination (i = 34°), the large 
FWHM observed in regions E and F can actually be asso- 
ciated to the perpendicular motion of the gas before and 
after it encounters the spiral arm as described by these 
authors. 



5.1. Full width at half maximum (FWHM) 

The FWHM of the profile at each pixel was computed from 
the intensity profile at each pixel as described in section 
2.2 Depending on the inclination of the galaxy, this width 
may be associated to motions of the gas perpendicular to 
the plane of the galaxy (in the case where the galaxy is 
almost face-on, i ~ 0°) or to non-circular motions in the 
plane of the galaxy (if the galaxy is almost edge-on, i ~ 
90°). For intermediate values of i, the FWHM is associated 
to both types of motion. FWHM fields for each galaxy are 
shown in Figure 9. 



5.2. Residual velocity fields 

Residual velocity fields of both galaxies were obtained by 
subtracting the observed radial velocity field from a ideal 
radial velocity field. The ideal field is the radial velocity 
field of an ideal galaxy in which there are only uniform 
circular motions in a plane so that 

Videal(R) = V S y S t + (V circ (R) XCOsd X SHI j) (1) 

where V sys t is the systemic velocity of the galaxy, 
V C i r (R) is the circular velocity component at a radius R, 
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9 is the angle along the galaxy plane, counted from the 
approaching side of the nodal line and increasing in the 
direction of the galaxy rotation and i is the galaxy incli- 
nation with respect to the plane of the sky. 

The ideal velocity field is constructed from the ob- 
served rotation curve by assigning to all the points of the 
galaxy at a certain radius, the rotational velocity from the 
rotation curve at that particular radius. These fields prove 
to be very useful to evaluate the validity of the kinemati- 
cal paramet ers chosen to compute the rotation curve of a 
disk galaxy l|Warner. Wright fc Baldwinlll973[) . They also 
give the opportunity to detect and analyze non-circular 
motions of the gas in each galaxy since points where the 
residual velocity V res ~ correspond to regions in the 
galaxy where circular motions predominate. For points 
where V res > or V res < 0, the interpretation becomes 
more complicated. In the general case, the observed radial 
velocity V oos has the following decomposition: 



V obs = V syst + (Vdrc + Vtan) X COS 6 



+V ra d x sin6> 



xsinz+ V± X cosi (2) 



where Vtan is the tangential velocity component in the 
plane of the galaxy (additional to the circular velocity 
component V cir and such that V rot — V C ir + V tan ) > V ra d is 
the radial velocity component in the plane of the galaxy, 
and V± is the velocity component perpendicular to the 
plane of the galaxy. 

By definition the residual velocity V res — Videai — V oos 
at each point is given by 



Vres — 



Vtan x cos 9 -\- V ra d x sin 9 



x sini 



V± x cos i 



(3) 



If Vx ~ 0, the sign of V res is a combination of the val- 
ues of Vtam V ra d and 9. For instance along the minor axis, 

8 = 90°, 270° implies Vtan contribution is insignificant. 
For 9 = 90°, Vrad has the opposite sign of V re s, while for 

9 = 270°, V-ad has the same sign as V res - Along the major 
axis Vrad contribution is insignificant so that for 9 = 180°, 
Vtan has the same sign as Vres, while for 9 = 0°, Vtan has 
the opposite sign of V re s- 

The analysis of non-circular motions from the residual 
velocity field is complemented with information from the 
velocity dispersion field. For instance for low inclinations, 
V±_ can be neglected in equation 2 for regions displaying 
small velocity dispersion values. 



[r 1 / 2 + exp(r)] was adjusted to the observed rotation curve 
omitting the points that seemed to be associated with the 
bridge-like feature. The fit is shown in the upper-right 
frame in Figure 10. The ideal velocity field considered was 
obtained from this rotation curve and equation 1. Figure 
10 shows the residual velocity field of NGC 5426. This 
field shows no feature associated with an error in the de- 
te rmination of the kinematical param eters (see discussion 
in lWarner. Wright fc Baldwin! ^1973^ 1 so that the differ- 
ent velocities displayed in the galaxy correspond to actual 
non-circular motions of the gas. In the central part (inner 
6"), there is an important velocity difference. The resid- 
ual velocities go from —40 km s _1 in the inner 3" east 
to the center of the galaxy to +90 km s^ 1 in the inner 
3.5" west of the center (region 1 in Figure 10). This re- 
gion matches the incipient bar-like feature detected on the 
velocity field. An important contribution of negative resid- 
ual velocities is also seen along the western spiral arm. At 
the beginning of the spiral arm (region 2 in Figure 10), 
this contribution is seen on the concave side of the arm. 
On the convex side of the same arm, positive residual ve- 
locities are found (region 5). Further along the arm, large 
negative residual velocities are seen on the convex side up 
to the tip of the arm (regions 3 and 4). This peculiarity 
could be explained by the acceleration of the gas as i t goes 
through the spiral arm as suggested bv lPismia l 1986ft or to 
vertical motions also associ ated to the passag e of the gas 
through the density wave ijAlfaro et al.ll200l|) . This con- 
tribution of residual velocities could be associated to both 
types of motion. The point where the position of negative 
velocities changes from concave to convex could be associ- 
ated to the sense of passage of the gas with respect to the 
pattern speed of the spiral arms and thus could be associ- 
ated to the corotation radius of the galaxy (at R — 50"). 
This point is marked with a black star in Figure 10. 

A comparison between the FWHM field and the resid- 
ual velocity field shows a correlation between FWHM and 
Vres for the central parts of this galaxy (Figures 9 and 10) 
implying an important contribution of non-circular mo- 
tions. Due to the inclination of the galaxy (i = 59°) we 
cannot explain the large values of the FWHM in the cen- 
tral regions of this galaxy solely by the presence of large 
perpendicular motions since they could also be the re- 
sult of important non-circular motions in the plane of the 
galaxy. Considering that in these regions (6 ~ 90, 270°) 
there is little contribution of V ta „, a fraction of these non- 
circular motions is probably in the radial direction. Since 
this region corresponds to the small bar-like feature out- 
lined by the observed velocity field, these non-circular mo- 
tions could imply gas moving along this structure. 



5.2.2. NGC 5427 



5.2.1. NGC 5426 

In order to compute the residual velocity field for this 
galaxy, an analytical curve of the form V(r) a r 1 x 



For NGC 5427, the theoretical velocity field was also de- 
rived from an analytical curve of the form V(r) oc x 
[r 1 ' 2 + exp(r)] fitted to the observed rotation curve omit- 
ting the points beyond the bifurcation radius with a low 
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Fig. 11. Residual velocity field of NGC 5427. Upper right panel shows the analytical rotation curve used for the 
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rotation velocity (that is points with V TO t < 115 km s _1 
beyond R = 46" ). The fit is shown in the upper-right 
frame in Figure 11. 

Regions with V re s different from zero seem to be asso- 
ciated with the spiral arms of the galaxy. Positive residual 
velocities V re s > 15 km s _1 are found in the region be- 
tween the nucleus of the galaxy and the beginning of the 
eastern arm (region 6) and the beginning of the western 
arm (region 11 in Figure 11). Positive residual velocities 
larger than 15 km s _1 are also seen along the eastern arm 
of the galaxy (region 8), including the tip of the straight 
arm segment (region 7). Negative residual velocities are 
also seen on the outer edges of the western arm (regions 9 
and 10) . These residual velocities could be associated with 
the motion of the gas as it encounters, goes through and 
leaves the de nsity wave as s ugges ted bv lPismisI (^986). As 
mentioned bv lAlfaro et alJ l|200lj) . vertical motions should 
also be present in both cases thus contributing to the non- 
circular motions at the edges of this spiral arm. None of 
the regions with large \V res \ are located along the major 
or minor axis of the galaxies, so no further analysis can 
be done using equation 3. 

5.3. Kinematical vs Morphological Features 
5.3.1. NGC 5426 

The bridge-like feature between both galaxies was ana- 
lyzed by comparing the location in the projected plane 
of each emitting region with its associated radial velocity. 
Only regions M and N (Figure 4) display radial velocities 
closer to those of NGC 5427 and could actually belong to 
this galaxy's disk. Other regions that seem to be closer to 
NGC 5427 than to NGC 5426 -in projection- display ve- 
locities closer to those of NGC 5426 (regions G to L). We 
analyzed the influence of each of these regions on NGC 
5426 's rotation curve (Figures 4 and 5) in an attempt to 
tell which of these regions still follow the main motion of 
the galaxy's rotation and which regions seem to be suf- 
fering the effects of tidal forces due to the interaction. 
Regions A and B still follow the global behavior of the 
rotation curve, region F shows a decrease of 20 km s _1 
in the rotation velocity while adjacent regions D, E, G 
and J are clearly below the average rotation velocity of 
the galaxy (V ro t ~ 110 km s _1 ) compared to an average 
value of ~ 200 km s~ 1 in parts of the galaxy which seem 
to display a circular motion. At larger radii, regions CI, 
C2, I, K and L show a slight increase of ~ 30 km s _1 
but they still remain below the average rotation velocity. 
Only region H shows a velocity value closer to the aver- 
age. In the projected plane, regions A and B do seem closer 
to NGC 5426 and could actually belong to this galaxy's 
disk. Nevertheless regions E, D, G and J seem to be closer 
to NGC 5426 than regions K and L whose velocities are 
closer to those of the average rotation curve. This could 
give a clue as to the actual position of the bridge-like fea- 
ture in a 3D scenario. Regarding the inner structure of the 
galaxy, kinematical information from the rotation curve is 



not available for the inner 7" of this galaxy, so any eventual 
effect of the small bar-like feature (~ 3.0" in semi-length) 
on the rotation curve is not visible. 

5.3.2. NGC 5427 

For the approaching side of this galaxy, most of the oscil- 
lations observed can be associated to the HII regions along 
the arms of the galaxy (Figures 7 and 12). For instance, 
the small bump around a radius of 16" corresponds to the 
beginning of the western arm and is marked by a small 
HII region (region U in Figure 12). This radius matches 
the semi-length of the central bar. The velocity then de- 
creases by ~ 10 km s -1 which corresponds to the interarm 
region marked as X. After this region, the rotational ve- 
locity begins to increase rather steadily once we reach the 
straight segment of the eastern arm of the galaxy (region 
between V and W) . We then notice an abrupt decrease in 
the velocity of about 40 km s^ 1 (region Y) between the 
second-to-last HII region (W) and the last HII region of 
the straight spiral arm segment (region Z) as well as the 
tip of the western arm (regions N) . The tip of this arm is 
marked by a very intense and large HII region where im- 
portant star formation is going on (region Z) . This side of 
NGC 5427 is closer to the companion, so this decrease of 
the rotational velocity could be due to the slowing-down 
and homogenization of velocities along the straight arm 
and / or to the fact that this part of the arm no longer lies 
in the main plane of the galaxy-both these processes being 
caused by the interaction. On the receding side of the ro- 
tation curve, the end of the bar also matches a small bump 
feature (region T). The rotational velocity decreases at the 
interarm region (O). Following this decrease, the velocity 
increases forming a slight hump from the bifurcation of 
the western arm (P) -marked by an HII region- to larger 
and more intense HII regions along this arm (regions R 
and S) . This hump then reaches a slight plateau once the 
outermost arm segment of the western arm (Q) is reached. 
At R = 16" on both sides of the rotation curve, the end 
of the bar is marked by a small plateau of ~ 110 ferns -1 
for the receding side (region T) and of ~ 100 km s -1 for 
the approaching one (region U). 

6. Dynamical Analysis 

6.1. Mass Estimates 

For each galaxy, a range of possi ble masses was com- 
puted using the method proposed bv lLeaueuxl l|l983|) . This 
method considers two extreme cases to evaluate a galaxy's 
mass: the galaxy viewed as a flat disk and the galaxy 
viewed as a spherical system. For the flat disk ca se, the for- 
mulas from the mass model bv lNordsieckl lll973h and a the- 
oretical rotation curve that stays flat after the solid-body 
rotation section are used as assumptions to approximate 
the mass inside a radius R by M(R) = 0.6 x (RV 2 (R)/G) . 
On the other side for any spherical model, the mass inside 
a certain radius is always given by M(R) — RV 2 {R)/G. 
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Fig. 12. Monochromatic isophotes of NGC 5427. Letters indicate features associated to variations in this galaxy's 
rotation curve shown in Fiffure 7. Solid line indicates the ffa.laxv's nosition ample (P.A.). the slash-dotted lines indicate 
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For a real disk galaxy, the actual value of M(R) should 
always lie between these two extreme values. In fact, if a 
massive halo is considered, the expression considered for 
the spherical model should be the most appropriate for 
the determination of a galaxy's mass. 

The overall rotation curves of these galaxies cannot 
be considered as flat. Nevertheless since this is an early 
interaction, circular motions of the gas dominate the inner 
parts of the galaxy so that up to a certain radius the 
rotation curve for both sides of the galaxy is representative 
of circular motion in which case Lcqucux's method may be 
applied. In order to determine this radius, we looked for 
the radius on the rotation curve, Ruf at which symmetry 
of the approaching and the receding sides is dramatically 

lost (\Vreceding Vapproaching\ ^1 40 km S ). 

For NGC 5426 (Figure 5), symmetry is lost af- 
ter Rbif = 60", the velocity at this radius is 
198 km s -1 . Co n sideri ng the distance modulus given by 
Ide Vaucouleiirsl lll979h for NGC 5427 is also valid for 
this galaxy, then R bi f — 7.8 kpc so that up to this ra- 
dius this galaxy's mass lies between 4.05 x 1O 1O M and 
6.75 x 10 10 M o . For NGC 5427 (Figure 7), R bl f = 46.5" 
with V = 154 km s . Considering the same distance 
modulus, R^f = 6.02 kpc, so the mass up this radius lies 
between 1.92 x 10 10 M o and 3.20 x 10 10 M Q . Results are 
shown in Table 3. 

Furthermore, although for both rotation curves the 
side of the curve closest to the companion shows dramatic 
variations after R b i / , the other side of each curve shows no 
distinct difference before and after this bifurcation radius 
is reached. For both galaxies, the rotation curve seems to 
flatten down at large radii after reaching a maximum ve- 
locity V max (Figures 5 and 7). One may then assume that 
for each of these sides, the rotation curve is representative 
of circular motion up to the last detected emission point 
and that it can be extrapolated up to D 2 5 /2 by assigning 
to this radius the maximum rotational velocity observed 
V max . For NGC 5426, V max = 208 km s' 1 and D 25 /2 = 
88.6" = 11.47 kpc, for NGC 5427, V max = 172 km s' 1 
and -D25/2 = 85.5" = 11.06 kpc -both D25/2 values were 
taken from the LEDA database. The resulting individ- 
ual masses computed with these values are MngC5A2§ = 
1.12 x 10 11 M Q and M NGC5 4,27 = 0.75 x 10 11 M Q Results 
are summarized in Table 3. 

The combined mass of the components from the orbital 
motion o f the pair was also computed us ing the expression 
given bv iKarachentsev fc Mineval l)l984h for an statistical 
estimate of the orbital mass: 



we have AV — 147.5 ki 



and A12 = 18.17 kpc, so the 



M, 



orbital 



32 f AV 2 x X 12 



3tt V 



G 



(4) 



where AV is the difference between the systemic veloc- 
ities of the galaxies, X12 is the projected separation from 
one nucleus to the other, G is the gravitational constant 
and 32/37T is the mean value of the projection factor for 
circular motions of the members of the pair and isotropic 
orientation of the orbits. For NGC 5426 and NGC 5427, 



orbital mass equals 3.01 x 10 Mq. 

Comparing the orbital mass with the sum of the 
individual masses we find that M a dd = Mngc5426 + 
M NGC um = 1-87 x 10 11 M , so that M add /M orUtal = 
0.62. It should be kept in mind though that equation (4) 
is a statistical estimate of the orbital mass of the pair 
under certain assumptions and such that the lower mass 
limit for a circular orbit is about 1 /3 of this value and for 
a parabolic orbit the value is even smaller. 

6.2. Mass Distribution 

The mass model used in this work was taken from 
iBlais-Ouellette. Amram fc Carignan I (|200ll) . It considers 
both the light distribution of the stars and a theoreti- 
cal dark halo profile to compute a rotation curve that 
best fits the observed one. The density of the theoreti- 
cal dark matter halo is given by the followi ng expression 
l|Blais-Ouellette. Amram fc Carignan Il200l|) : 



p(R) 



Po 



[c+(R/R r}[l + (R/R r}^/ c 



(5) 



where po is a characteristic density, Rq is a characteristic 
radius and c can force the presence of a flat-density core. 
The parameters a, and 7 determine the sh ape of the 
densi ty profile. For a pseudo- isothermal sphere l|Begeman I 
Il987h. c = 1, a = 1, = 2 and 7 = 2; for a NFW profile 
l|Navarro. Frenk fc White! Il996h . c = a = 1, = 3 
and 7 = 1 and for an isothermal sphere ^Kravtsov et al. I 
Il998|) . c = 0, a = 2, = 3 and 7 = 0. In this way, the 
M/L as well as the dark matter halo properties: central 
density po and core radius i?o, are free parameters. For 
both galaxies optical photo metry in the B band was taken 
from lWozniak et alJ l|1995j) . 

For NGC 5426, none of the models considered (max- 
imum disk, submaximum disk or best fit model; pseu- 
doisothermal, NFW or isothermal dark halo profile) fits 
the three inner points of the observed rotation curve. 
Figure 13 shows the fit with the lowest computed x 2 , it 
considers a maximum disk (M/L = 11.15) and a pseudo- 
isothermal sphere for the dark halo. The inner points of 
the rotation curve could only be fitted by assuming the 
contribution of the disk is almost negligeable (M/L = 0.1) 
and considering a pseudo- isothermal halo with a large cen- 
tral density, p — 0.005 M Q pc~ 3 . One possible, disk- 
related, reason why the inner rotation curve of NGC 5426 
cannot be fitted is that the disk contribution considered 
for this fit was taken from a B-image while the central re- 
gions of the galaxy might have larger M/L than the rest 
of the disk (the bulge region is probably 'redder'). 

For NGC 5427, the best fit model gives (M/L) b = 
1.7 (maximal di sk) -which matches the value found by 
iBlackmanl (^82)- and an isothermal halo implying an im- 
portant dark matter contribution in the outer parts of this 
galaxy. The divergence between the data and the model 




Fig. 13. Best mass model fit for NGC 5426 using a pseudoisothcrmal halo and a maximum disk. Long-dashed curve 




Fig. 14. Maximum disk mass model for NGC 5427 using an isothermal halo. The parameters displayed in each curve 
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Table 3. Mass estimates for NGC 5426 and NGC 5427 





pa 

in kpc 


V(Ruf) 
in km s 1 


M(R Hf ) x 10 10 M Q 


- D 25 /2 
in kpc 


in km s 


M(D 25 /2) 


x 10 10 M Q 


NGC 5426 


7.8 


198 


4.05 - 6.75 


11.5 


208 


6.72 


- 11.2 


NGC 5427 


6.0 


154 


1.92 - 3.20 


11.1 


172 


4.5 


-7.5 



a Radius at which symmetry on the rotation curve (approaching vs receding side) is lost. 



correspond to regions associated to the spiral arms (Figure 
14). 

The previously computed ratio M a dd/M orbital of 0.62 
is consistent with an important contribution of unseen 
matter in the outermost parts of the galaxies that cannot 
be acquainted through the computation of each galaxy's 
mass using the optical Ha rotation curve and Lequeux's 
method. On the other hand the mass of NGC 5427 might 
have been uderestimated due to an overestimation of its 
inclination. The uncertainty in inclination determination 
has a big effect on the derived velocity amplitude, and thus 
masses and M/L ratios: for example, 1/sin 34° = 1.79 
and 1/ sin 24° = 2.46, indicating already a factor of 1.9 
difference in masses. This would explain why even if within 
smaller radii NGC 5426 seems to be more massive, the 
radial velocities of the bridge-like feature between both 
galaxies seems to belong to the latter implying it is more 
affected by the interaction than the companion NGC 5427. 
The fact that probably these two galaxies have approxi- 
mately the same masses suppo rts the idea of them being 
twin galaxies as suggested by lYamagata. Noguchi fc Ivd 



7. Discussion 



As suggested bv lBlackmanl Jj.982), the asymmetric distri- 
bution of light of the pair could be due to the fact that 
NGC 5427 has not had enough time to average the distri- 
bution of its outer parts. Considering that for this galaxy 
Vrot ~ 172 km s _1 at R ~ 9 kpc, the rotat ion period 
would amount to ~ 3 x 10 8 yrs thus sustaining lBlackmanl 



(1982)'s sugges tion of this being a "recent" encounter . 
Nevertheless lSchombert. Wallin fc Struck-MarcelTI l|l990|) 
showed that the bridges and tails of interacting galaxies 
are bluer than the inner disks showing that on average 
star formation has increased in the interaction zone. Also, 
N-body models of interacting galaxies show star forma- 
tion is induced simultaneously in all azimuthal directions. 
These two last results (found after Blackman's work) do 
not support the idea that the surface brightness in the in- 
teraction zone between the two galaxies is weaker than on 
the opposite sides of the galaxies, because the pair has not 
had time to average the star formation in these galaxies. 
A second and more convincing explanation for the lack of 
emission on the adj a cent h alves of the galaxies was also 
given bv IBlackmanI |l982). According to him, this lack 
of emission could be explained by obscuration of dust in 
NGC 5426's disk whose inclination is larger than that of 



NGC 5427's. This would imply NGC 5426 is in front of 
NGC 5427. 

NGC 5426 is a two-armed spiral galaxy with well- 
defined arms so we may assume it is a trailing spiral 
since leading spiral arm s are an uncommon phenomena 
I Pas ha fe Smirno3[l982) and the dynamical theory to ex- 
plain them is mos tly associated to the fo rmation of a 
single leading arm (|Thomasson et al.lll989ft . Considering 
this sens of rotation and the position of the approach- 
ing and the receding radial velocities we can infer this 
galaxy's orientation placing its western side closer to the 
observer than the eastern side. For NGC 5427 we can use 
the same argument to deter mine it is a trailin g spiral. 
This spin is also suggested bv lAlfaro et~a"fl l|200 ll) accord- 
ing to the movement of the gas as it goes through the 
density wave. Considering the distribution of approach- 
ing and receding radial velocities, the southeastern side 
of the galaxy is closer to the observer than the north- 
western one. From both the tilt and spin of the galaxies 
as well as from the position of one with respect to the 
other a possible sense of passage of the encounter can be 
suggested. The fact that NGC 5427 is a two-arm grand- 
design spiral suggests the encounter with NGC 5426 is a 
direct one. Comp aring the morphology of t his pair with 
the simulations of iToomre fc Toomr Jill 972ft wc find that 
the bridge-like feature observed in Arp 271 resembles the 
elongation presented by these authors in the -0.5 frame 
of their Figure 3 which corresponds to the first stages ( 
0.5 x 10 8 yrs before perigalactic instant) of a flat direct 
parabolic passage of a companion of equal mass. Though 
this is a loose comparison and the system is likely to be 
more complicated, we think this first analysis can help as 
a starting point for future numerical simulations of this 
particular encounter. The suggested global geometry of 
the encounter as well as the sense of passage are shown in 
Figure 15. 

As already done bv IBlackmanI l|l982tl . the time scale 
of the interaction was estimated from the ratio of the 
projected separation between both galaxies (18.17 kpc) 
and the difference in the systemic velocities of the pair 
(147.5 km s _1 ) resulting in ~ 1 8 yrs, a value which is also 
similar to the time-scale in the lToomre fc Toomrel l|l972ft 
simulation. This result implies the interaction is not nec- 
essarily very strong, in agreement with the fact that the 
galaxies are not very distorted. This makes it possible to 
assume that the noncircular motions are not necessarily 
very strong so that it is possible thus validating the mass 
estimates for the galaxies. However, there do exist charac- 
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teristics that can be associated to galaxy interaction pro- 
cess such as the bridge of material, the distorted velocity 
field in NGC 5427 and its straight spiral arm segment. 
The range of radial velocities observed along the straight 
arm is considerably smaller than in the other parts of this 
galaxy's arms as if the whole structure were slowing down 
to an average velocity due to the proximity with NGC 
5426 and/or as if this part of the spiral structure is being 
deviated from the galactic plane during the interaction. 
The small shift between the central isovelocity contours in 
NGC 5426 seems to be outlining a small and incipient cen- 
tral bar of about 6" whose formation could also have been 
triggered by the interacting process. The giant HII regions 
in each galaxy could also be sign of recent star formation 
triggered by the interacting process. Nevertheless, these 
peculiarities could also be due to the intrinsic nature of 
spiral galaxies. For example, the origin of bars in interact- 
ing disk galaxies remains unclear. Though there have been 
works showing statistical evidence that companions trig- 
ger the formation of bars felmegreen. Elmegreen fc Be llin 
llflflfj iMarcmez et all 120001. bars can be formed as a re- 
sult of disk instabili ties regardless of their enviro nment 
I van den Berghl2002j) . For example, it was shown bv lHohl I 
1 197l|) that cool stellar disks are very sensitive to bar 
formation, the so-called "bar instability" scenario later 
decrib ed bvlSellwood fc Wilkinson I lll993h. On the other 
hand, iNoguchi I <|l987() and lMiwa fc Noguchil l)l998|) have 
shown by N-body simulations that galaxy interaction can 
trigger bar formation. Detailed numerical simulations con- 
sidering strict kinematical restrictions need to be done to 
establish the extent to which the interacting process is re- 
lated to the formation of a possible nuclear bar -both in 
the case of NGC 5427's central bar and of NGC 5426's 
small incipient bar-like feature. 

Another interesting feature observed in Arp 271 is the 
fact that the bridge of stars does not appear to match or 
follow any other structure in neither two galaxies. In fact, 
this bridge is almost perpendicular to the linear segment 
in the southern arm of NGC 5427 and it does not quite 
seem to follow the western arm of NGC 5426. This pe- 
culiarity has been observed in other galaxies where tidal 
tails, bridges and spiral structure coexist, yet do not seem 
to join smoothly. In systems such as Arp 96 and M100, 
the disk's spiral structure appea rs to have begun to de- 
couple from the tidal structure l|Schweizerl 1 1 998|) . These 
differences between gas and stars could be due to non- 
gravitational forces such as ram-pressure due to hot gas 
in quiescent halos, starburst-driven outflows or magnetic 
fields. In our case, this could also be some part of the 
spiral structure deviated from the galactic plane during 
the interaction. The study of galaxies showing this pe- 
culiarity can give us information about the kinematical 
and dynamical processes that lead to the formation and 
sustainment of grand design spiral structure and the pa- 
rameters that control it. The fact that the systemic ve- 
locities differ by almost 150 km s _1 and that the galaxies 
seem to be connected by a bridge of material suggests 
that we are actually measuring an important component 



of the peculiar velocities between these two galaxies. This 
relative radial velocity difference might represent a signif- 
icant component of the total velocity difference. So, if we 
assume for a moment that the sky-plane velocity compo- 
nents are exactly zero, NGC 5426 would "see" the other 
galaxy passing away from observer, thus in an almost ret- 
rograde sense with respect to its internal rotation (orbital 
inclination about 150 degrees), and similarly NGC 5427 
would see an almost perpendicular passage of the other 
galaxy. The almost perpendicular passage seen by NGC 
5427 would be consistent with the absence of apparent 
tails or bridges emanating from it -but might still help 
to excite spiral structure. The almost retrograde passage 
seen by NGC 5426 might explain the weakness of bridges. 

8. Conclusions 

The detailed study of the kinematics and dynamics of 
interacting galaxy pairs provides important information 
about the structure of each member of the pair as well 
as of the encounter as a whole. In this work we presented 
Fabry-Perot observations of the isolated interacting galaxy 
pair NGC 5426/27 (Arp 271) showing that for a perturbed 
system it is important to have kinematical information of 
large portions of the galaxies studied. From the analysis 
of the velocity field and the computation of the FWHM of 
the intensity profiles and residual velocities maps, we de- 
termined non-circular motions in each galaxy and found 
them to be possibly associated with the passage of gas 
through the spiral arms and also with the flow of gas 
into or out of the central parts of each galaxy along bar- 
like features. From the observed rotation curve of each 
galaxy and the fit of different mass models, we found that 
though NGC 5426 seems to be more massive than NGC 
5427 within its optical radius, both galaxies seem to have 
approximately the same total mass, thus belonging to the 
twin galaxies scheme. For NGC 5427 the observed rotation 
curve can be fitted with a maximum disk [M/L = 1.7) and 
a pseudo-isothermal halo. Though this seems to be a rel- 
atively early encounter, several morphological features of 
each galaxy were associated with the interaction process, 
such as an incipient bar-like feature in the central parts of 
NGC 5426 and a straight segment in one of NGC 5427's 
arms. The radial velocities of the HII regions outlining a 
bridge between the two galaxies were also derived find- 
ing that this structure seems to be associated with NGC 
5426. Finally from the resulting kinematics and dynamics, 
we suggest a possible 3D configuration for this encounter. 
This will be used as a starting point in future numerical 
simulations of an encounter of this sort. 
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